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Project Objective

A Develop a cost-effective design and
fabrication process for a novel
transformational membrane and its

membrane modules that capture CO, from
flue gas

A 95% CO, Purity

A 601 90% CO, Recovery



Funding and Performance Dates

ATotal Budget: 07/01/2019i 03/31/2023
DOE: $2,999,988; OSU: $740,000; GTI: $10,000
(20% cost share)

ABP1: 07/01/2019i 12/31/2020
DOE: $1,395,100;: OSU: $348,778

ABP2: 01/01/2021i 03/31/2023
DOE: $1,604,888: OSU: $391,222: GTI: $10,000



Technical Background:
Thin-Film Composite (TFC)
Membrane Structure: 3 Layers
Efficient and Scalable Membrane for Low Cost
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amine polymer layer e 0
(170 nm, dense layer)
>140 CO,/N, selectivity

Ultra-permeable ey

polymer support Raussop

>>>>>

{{{{{

~ ~20 NM) — TRRRRRERE AR A RRRERRRRRROR,
em nm)—e—_  TOXKERERTISIREEENNERES. 0
’ }}}}}}}}}}}}}}}}}}}}}}}}}}}

::::::::::::::::::::::::::

iiiiiiiiiiiiiiiiiiiiiiii

}}}}}}}}}}}}}}}}}}}}}}}}}
>300 OOO GP O {{{{{{{{{{{{{{{{{{{{{{{{
y l l ( : 2 ::::::::::::::::::::::::
L ST mOS S SR S % R % R N S s S s sk s % %,

| |
| 1
Nonwoven fabric _ |

backing e
(~100 em)

<«
<z

Permeate



Amine-Based Facilitated Transport
Membrane for High Performance
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Technical Approach

A BPl 07/01/201971 12/31/2020

Computation-aided material design

Lab-scale membrane synthesis, characterization and
transport performance studies

Design of integrated membrane skid

High-level techno-economic analysis

A BP2 01/01/202171 03/31/2023

| Laboratory-scale membrane synthesis to continue
Fabrication and characterization of scale-up membrane (2 1 nj
wide)

Fabrication and evaluation of spiral-wound membrane
modules (8 mjiameter, 2 2 langth)

Fabrication and field test of integrated membrane skid

Update techno-economic analysis by Gas Technology Inst.

AIntegrated program with fundamental studies, applied research,
synthesis, characterization and transport studies, and high-level
techno-economic analysis
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Improved Polymer Support

CO:

Dense selective layer
(Lateral diffusion)

Porous substrate layer
(Knudsen diffusion)

Nonwoven fabric
backing
(Viscous flow)

ASubstrate morphology has significant effect on CO,
transport performance of composite membrane



Improved vs. Benchmark Supports

Improved Benchmark
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Better TFC Membranes by Improved

IN2 selectivity
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Developed Membrane Outperforms Others
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2 1-Wide Continuous Roll-to-Roll
Support Casting Demonstrated
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A Vapor-induced phase separation process demonstrated
A 1,300ft in length per casting run
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Prototype Gen Ill Membrane Fabricated
by Roll-to-Roll Coating

CO, permeance (GPU)

A Thin selective layer coated on fabricated polymer support
A ~4,200 GPU and CO,/N, selectivity of ~160 at 77/C

3000 4000 5000

13



Prototype Spiral-Wound (SW) Membrane
Element Fabricated

A 8 njliameter SW element fabricated using scale-up membrane

A Element contained 41 membrane leaves for 35 m2area o



